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sense code DNAs, respectively.



EP 1 462 525 A1

5

10

15

20

25

30

35

40

45

50

55

2

Description

Technical Field

[0001] The present invention relates to an in vivo siRNA expression system capable of silencing the target gene
expression, and a method for producing knock-down cells using this expression system.

Background Art

[0002] RNA interference (hereafter abbreviated as "RNAi") is the phenomenon (process) capable of inducing the
degradation of target gene mRNA so as to silence the target gene expression by introducing into cells a double-stranded
RNA (hereafter abbreviated as "dsRNA") that comprises a sense RNA having the sequence homologous to the target
gene mRNA and antisense RNA having the sequence complementary to the sense RNA. RNAi, because of its capability
to silence the target gene expression, has received considerable attention as a simple gene knock-down method that
replaces the conventional gene disruption method relying on the tedious, inefficient homologous recombination, or as
a means of gene therapy. The above-mentioned RNAi was originally discovered in nematodes (Fire, A. et al. Potent
and specific genetic interference by double-stranded RNA in Caenorhabditis elegans. Nature 391, 806-811 (1998)).
Thereafter, it is also observed in various organisms including plants, round worms, Drosophila, and protozoa (Fire, A.
RNA-triggered gene silencing. Trends Genet. 15, 358-363 (1999); Sharp, P. A. RNA interference 2001. Genes Dev.
15, 485-490 (2001); Hammond, S. M., Caudy, A. A. & Hannon, G. J. Post-transcriptional gene silencing by double-
stranded RNA. Nature Rev. Genet. 2, 110-119 (2001); Zamore, P. D. RNA interference: listening to the sound of silence.
Nat Struct Biol. 8, 746-750 (2001)). Silencing of target gene expression was confirmed by actually introducing exoge-
nous dsRNA in these organisms. This technique has been employed as a method for producing knock-down individuals.
[0003] Similar to in these organisms, RNAi induction in mammalian cells has been attempted by introduction of
exogenous dsRNA. However, in this case, protein synthesis was inhibited by the action of host's protective mechanisms
against the virus infection which was triggered by the transfected dsRNA, so that RNAi could not be observed.
[0004] Recently, Tuschl et al. reported that RNAi can be induced also in mammalian cells by transducing the cells
with short dsRNAs of 21 or 22 nucleotide long having a single-stranded 2 or 3 nucleotide 3' overhang in place of long
dsRNAs as those used in other organisms (Elbashir, S. M. et al. Duplexes of 21-nucleotide RNAs mediate RNA inter-
ference in cultured mammalian cells. Nature 411, 494-498 (2001) ; Caplen, N. J. et al. Specific inhibition of gene ex-
pression by small double-stranded RNAs in invertebrate and vertebrate systems. Proc. Natl. Acad. Sci. U S A 98,
9742-9747 (2001)).
[0005] As described above, RNAi has also been successfully induced in mammalian cells using small interfering
double-stranded RNA (hereafter abbreviated as "siRNA"). For the functional analysis and gene therapy based on the
gene silencing by RNAi, an efficient introduction of siRNA into cells and its stable intracellular maintenance become
essential.
[0006] Efficiency in introducing exogenous siRNAs into cells varies depending on the cell type, being as low as 1%
to 10% in certain cells. Also, exogenous siRNAs introduced into mammalian cells disappear in a few days after intro-
duction, having no sufficient stability required for analysis of gene functions. Furthermore, in gene therapy, adminis-
tration of siRNA at regular intervals becomes necessary, which increases physical loads of patients.
[0007] Moreover, it is extremely difficult to induce RNAi exclusively in a specific tissue or at a specific stage of de-
velopment/differentiation by introduction of exogenous siRNA. In addition, though siRNAs are small in size, synthesis
of RNA is markedly so expensive compared to DNA synthesis and the RNAi induction directly by siRNA is not eco-
nomical.
[0008] Now that most of the primary DNA sequence of the human genome has been determined, systematic and
efficient methods for searching for functional genes has been developed to speedily elucidate gene functions. Gene
silencing by RNAi can be utilized for the systematic search for the functional gene based on the phenotypic alteration
of cells or individuals to accelerate the finding and analysis of novel functional genes.

Disclosure of the Invention

[0009] An objective of the present invention is to provide an intracellular siRNA expression system capable of pro-
ducing RNAi more efficiently, stably, and economically in cells, a method for producing knock-down cells using this
siRNA expression system, and a method for searching for functional genes using this siRNA expression system.
[0010] In view of the above-mentioned problems, the present inventors studied the in vivo siRNA expression system
and succeeded in its development. More specifically, the present invention relates to:

(1) an intracellular siRNA expression system comprising an antisense code DNA coding for antisense RNA directed
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against a region of a target gene mRNA, a sense code DNA coding for sense RNA directed against the same
region of said target gene mRNA, and one or more promoters capable of expressing said antisense and sense
RNAs from said antisense and sense code DNAs, respectively;
(2) the siRNA expression system according to (1), wherein a final transcription product of the siRNA expressed
by the system is 15 to 49 bp long;
(3) the siRNA expression system according to (1), wherein a final transcription product of the siRNA expressed
by the system is 15 to 35 bp long;
(4) the siRNA expression system according to (1), wherein a final transcription product of the siRNA expressed
by the system is 15 to 30 bp long;
(5) the siRNA expression system according to (1), wherein a double-stranded RNA region of the siRNA in which
two RNA strands pair up contains a mismatch or a bulge;
(6) the siRNA expression system according to (5), wherein one of nucleotides in the mismatch is guanine, and the
other is uracil;
(7) the siRNA expression system according to (5), wherein the siRNA contains 1 to 7 mismatches;
(8) the siRNA expression system according to (5), wherein the siRNA contains 1 to 7 bulges;
(9) the siRNA expression system according to (5), wherein the siRNA contains both 1 to 7 mismatches and bulges;
(10) the siRNA expression system according to any one of (1) to (9), wherein said promoter is a pol II or pol III
promoter;
(11) the siRNA expression system according to any one of (1) to (10), wherein said pol III promoter is U6 promoter;
(12) the siRNA expression system according to any one of (1) to (11), wherein said promoter is an inducible pro-
moter;
(13) the siRNA expression system according to any one of (1) to (12), wherein said promoter is separately located
upstream of said antisense and sense code DNAs;
(14) the siRNA expression system according to any one of (1) to (13), wherein said system comprises loxP se-
quences in the form of any one of the following (a) to (c) so that the expression can be controlled:

(a) the promoter comprises distal sequence element (DSE) and proximal sequence element (PSE) with a
space therebetween, and in the space two loxP sequences, one in the vicinity of DSE and the other in the
vicinity of PSE;
(b) the promoter comprises DSE and PSE that are located to maintain the promoter activity, a loxP sequence
therebetween, and another loxP sequence either upstream of DSE or downstream of PSE; and
(c) two loxP sequences are located so as to interpose the antisense code DNA or sense code DNA;

(15) the siRNA expression system according to any one of (1) to (14), wherein antisense and sense code DNAs
are maintained in the same vector DNA molecule, or separately in different vector DNA molecules;
(16) the siRNA expression system according to any one of (1) to (13), wherein the promoter is located at the one
side of a unit in which the antisense and sense code DNAs are connected in the opposite direction via a linker;
(17) the siRNA expression system according to (16), wherein said system comprises loxP sequences in the form
of any one of the following (a) to (d) so that the expression can be controlled:

(a) the promoter comprises DSE and PSE with a space therebetween, and in the space two loxP sequences,
one in the vicinity of DSE and the other is the vicinity of PSE;
(b) the promoter comprises DSE and PSE that are located to maintain the promoter activity, a loxP sequence
therebetween, and another loxP upstream of DSE or downstream of PSE;
(c) two loxPs are located so as to interpose the antisense code DNA or sense code DNA; and
(d) two loxPs are arranged so as to interpose a linker comprising a stop sequence (e.g. TTTTT);

(18) the siRNA expression system according to (16) or (17), wherein the antisense and sense code DNAs are
maintained in a vector molecule;
(19) the siRNA expression system according to (15) or (18), wherein said vector is a plasmid vector;
(20) the siRNA expression system according to (15) or (18), wherein said vector is a viral vector;
(21) the siRNA expression system according to (15) or (18), wherein said vector is a dumbbell-shaped DNA vector;
(22) a cell maintaining the siRNA expression system according to any one of (1) to (21);
(23) the cell according to (22), wherein said cell is a mammalian cell;
(24) an individual organism maintaining the siRNA expression system according to any one of (1) to (21);
(25) a composition comprising the siRNA expression system according to any one of (1) to (21);
(26) the composition according to (25), wherein said composition is a pharmaceutical composition;
(27) a method for producing a cell in which the target gene expression is silenced, wherein said method comprises
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the steps of: introducing the siRNA expression system according to any one of (1) to (21) into cells, and selecting
cells in which said siRNA expression system is introduced;
(28) an intracellular siRNA library expression system comprising a double-stranded DNA coding for siRNA com-
prising an arbitrary sequence having the length of the siRNA to be expressed, and two promoters facing to each
other with said DNA coding for siRNA-in between which are capable of expressing the mutually complementary
RNAs from respective strands of said double-stranded DNA;
(29) an intracellular siRNA library expression system comprising a stem-loop siRNA producing unit in which an
antisense code DNA and a sense code DNA complementary to said antisense code DNA are linked in the opposite
direction via a linker, and a promoter capable of expressing the stem-loop siRNA at either side of said unit;
(30) the siRNA library expression system according to (28) or (29), wherein a final transcription product of the
siRNA expressed by the system is 15 to 49 bp long;
(31) the siRNA library expression system according to (28) or (29), wherein a final transcription product of the
siRNA expressed by the system is 15 to 35 bp long;
(32) the siRNA library expression system according to (28) or (29), wherein a final transcription product of the
siRNA expressed by the system is 15 to 30 bp long;
(33) the siRNA library expression system according to any one of (28) to (32), wherein a double-stranded RNA
region of the siRNAs in which two RNA strands pair up contains a mismatch or a bulge;
(34) the siRNA library expression system according to any one of (28) to (33), wherein said promoter is a pol II or
pol III promoter;
(35) the siRNA library expression system according to any one of (28) to (33), wherein said promoter is an inducible
promoter;
(36) the siRNA library expression system according to any one of (28) to (33), wherein siRNAs expressed by the
system are composed of random RNA strands;
(37) the siRNA library expression system according to any one of (28) to (33), wherein said system is an assembly
of multiple siRNA expression vectors that each targets a gene sequence comprising a coding region and/or a non-
coding region;
(38) the siRNA library expression system according to any one of (28) to (33), wherein siRNAs expressed by the
system are composed of RNA strands encoded by DNA fragments of any cDNA or genomic DNA, said fragment
has the length of the siRNA to be expressed;
(39) an assembly of the siRNA library expression systems according to any one of (28) to (38), wherein different
siRNAs are expressed by each system in said assembly;
(40) a method of searching for a functional gene, the method comprising the steps of:

(a) introducing the siRNA library expression system according to any one of (28) to (38) or the assembly of
siRNA library expression systems according to (39) into cells;
(b) selecting cells into which said siRNA library expression system or said assembly has been introduced; and
(c) analyzing the phenotype of the cells thus selected;

(41) the method of searching for a functional gene according to (40), wherein said method further comprising a
step of screening for a functional gene based on the sequence of DNA coding for siRNA in the cell whose phenotype
has been found altered as the result of the phenotype analysis; and
(42) a method for selecting a highly active siRNA, the method comprising the steps of:

(a) introducing the siRNA library expression system according to any one of (28) to (38), or the assembly of
siRNA library expression systems according to (39) into cells, and
(b) measuring the expression level of a specific gene or protein in the cells into which said siRNA library
expression system or said assembly is introduced.

[0011] In one aspect, the present invention relates to an intracellular siRNA expression system. This siRNA expres-
sion system comprises an antisense code DNA coding for the antisense RNA directed against a region of the target
gene mRNA, a sense code DNA coding for the sense RNA directed against the same region of the target gene mRNA,
and one or more promoters capable of expressing the antisense and sense RNAs from the antisense and sense code
DNAs, respectively.
[0012] "siRNA" means a small interfering RNA that is a short-length double-stranded RNA that are not toxic in mam-
malian cells. The length is not limited to 21 to 23 bp long as reported by Tuschl, et al. (ibid). There is no particular
limitation in the length of siRNA as long as it does not show toxicity. "siRNAs" can be, for example, 15 to 49 bp, preferably
15 to 35 bp, and more preferably 21 to 30 bp long. Alternatively, the double-stranded RNA portion of a final transcription
product of siRNA to be expressed can be, for example, 15 to 49 bp, preferably 15 to 35 bp, and more preferably 21 to



EP 1 462 525 A1

5

10

15

20

25

30

35

40

45

50

55

5

30 bp long. The double-stranded RNA portions of siRNAs in which two RNA strands pair up are not limited to the
completely paired ones, and may contain nonpairing portions due to mismatch (the corresponding nucleotides are not
complementary), bulge (lacking in the corresponding complementary nucleotide on one strand), and the like. Nonpairing
portions can be contained to the extent that they do not interfere with siRNA formation. The "bulge" used herein pref-
erably comprise 1 to 2 nonpairing nucleotides, and the double-stranded RNA region of siRNAs in which two RNA
strands pair up contains preferably 1 to 7, more preferably 1 to 5 bulges. In addition, the "mismatch" used herein is
contained in the double-stranded RNA region of siRNAs in which two RNA strands pair up, preferably 1 to 7, more
preferably 1 to 5, in number. In a preferable mismatch, one of the nucleotides is guanine, and the other is uracil. Such
a mismatch is due to a mutation from C to T, G to A, or mixtures thereof in DNA coding for sense RNA, but not particularly
limited to them. Furthermore, in the present invention, the double-stranded RNA region of siRNAs in which two RNA
strands pair up may contain both bulge and mismatched, which sum up to, preferably 1 to 7, more preferably 1 to 5in
number.
[0013] Such nonpairing portions (mismatches or bulges, etc.) can suppress the below-described recombination be-
tween antisense and sense code DNAs and make the siRNA expression system as described below stable. Further-
more, although it is difficult to sequence stem loop DNA containing no nonpairing portion in the double-stranded RNA
region of siRNAs in which two RNA strands pair up, the sequencing is enabled by introducing mismatches or bulges
as described above. Moreover, siRNAs containing mismatches or bulges in the pairing double-stranded RNA region
have the advantage of being stable in Escherichia coli or animal cells.
[0014] The terminal structure of siRNA may be either blunt or cohesive (overhanging) as long as siRNA enables to
silence the target gene expression due to its RNAi effect. The cohesive (overhanging) end structure is not limited only
to the 3' overhang as reported by Tuschl et al. (ibid.), and the 5' overhanging structure may be included as long as it
is capable of inducing the RNAi effect. In addition, the number of overhanging nucleotide is not limited to the already
reported 2 or 3, but can be any numbers as long as the overhang is capable of inducing the RNAi effect. For example,
the overhang consists of 1 to 8, preferably 2 to 4 nucleotides. Herein, the total length of siRNA having cohesive end
structure is expressed as the sum of the length of the paired double-stranded portion and that of a pair comprising
overhanging single-strands at both ends. For example, in the case of 19 bp double-stranded RNA portion with 4 nu-
cleotide overhangs at both ends, the total length is expressed as 23 bp. Furthermore, since this overhanging sequence
has low specificity to a target gene, it is not necessarily complementary (antisense) or identical (sense) to the target
gene sequence. Furthermore, as long as siRNA is able to maintain its gene silencing effect on the target gene, siRNA
may contain a low molecular weight RNA (which may be a natural RNA molecule such as tRNA, rRNA or viral RNA,
or an artificial RNA molecule), for example, in the overhanging portion at its one end.
[0015] In addition, the terminal structure of the "siRNA" is necessarily the cut off structure at both ends as described
above, and may have a stem-loop structure in which ends of one side of double-stranded RNA are connected by a
linker RNA. The length of the double-stranded RNA region (stem-loop portion) can be, for example, 15 to 49 bp, pref-
erably 15 to 35 bp, and more preferably 21 to 30 bp long. Alternatively, the length of the double-stranded RNA region
that is a final transcription product of siRNAs to be expressed is, for example, 15 to 49 bp, preferably 15 to 35 bp, and
more preferably 21 to 30 bp long. Furthermore, there is no particular limitation in the length of the linker as long as it
has a length so as not to hinder the pairing of the stem portion. For example, for stable pairing of the stem portion and
suppression of the recombination between DNAs coding for the portion, the linker portion may have a clover-leaf tRNA
structure. Even though the linker has a length that hinders pairing of the stem portion, it is possible, for example, to
construct the linker portion to include introns so that the introns are excised during processing of precursor RNA into
mature RNA, thereby allowing pairing of the stem portion. In the case of a stem-loop siRNA, either end (head or tail)
of RNA with no loop structure may have a low molecular weight RNA. As described above, this low molecular weight
RNA may be a natural RNA molecule such as tRNA, rRNA or viral RNA, or an artificial RNA molecule.
[0016] The term "target gene" refers to a gene whose expression is silenced due to siRNA to be expressed by the
present system, and can be arbitrarily selected. As this target gene, for example, genes whose sequences are known
but whose functions remain to be elucidated, and genes whose expressions are thought to be causative of diseases
are preferably selected. A target gene may be one whose genome sequence has not been fully elucidated, as long as
a partial sequence of mRNA of the gene having at least 15 nucleotides or more, which is a length capable of binding
to one of the strands (antisense RNA strand) of siRNA, has been determined. Therefore, genes expressed sequence
tags (ESTs) and a portion of mRNA, of which have been elucidated, may be selected as the "target gene" even if their
full lengths has not been determined.
[0017] "Antisense RNA" is an RNA strand having a sequence complementary to a target gene mRNA, and thought
to induce RNAi by binding to the target gene mRNA. "Sense RNA" has a sequence complementary to the antisense
RNA, and annealed to its complementary antisense RNA to form siRNA. These antisense and sense RNAs have been
conventionally synthesized with an RNA synthesizer. In the present invention, these RNAs are intracellularly expressed
from DNAs coding for antisense and sense RNAs (antisense and sense code DNAs) respectively using the siRNA
expression system.
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[0018] To express antisense and sense RNAs from the antisense and sense code DNAs respectively, the siRNA
expression system of the present invention comprises "promoter." The type, number and location of the promoter can
be arbitrarily selected as long as it is capable of expressing antisense and sense code DNAs. As a simple construction
of siRNA expression system, a tandem expression system can be formed, in which a promoter is located upstream of
both antisense and sense code DNAs. This tandem expression system is capable of producing siRNAs having the
aforementioned cut off structure on both ends. In the stem-loop siRNA expression system (stem expression system),
antisense and sense code DNAs are arranged in the opposite direction, and these DNAs are connected via a linker
DNA to construct a unit. A promoter is linked to one side of this unit to construct a stem-loop siRNA expression system.
Herein, there is no particular limitation in the length and sequence of the linker DNA, which may have any length and
sequence as long as its sequence is not the termination sequence, and its length and sequence do not hinder the stem
portion pairing during the mature RNA production as described above. As an example, DNA coding for the above-
mentioned tRNA and such can be used as a linker DNA.
[0019] In both cases of tandem and stem-loop expression systems, the 5' end may be have a sequence capable of
promoting the transcription from the promoter. More specifically, in the case of tandem siRNA, the efficiency of siRNA
production may be improved by adding a sequence capable of promoting the transcription from the promoters at the
5' ends of antisense and sense code DNAs. In the case of stem-loop siRNA, such a sequence can be added at the 5'
end of the above-described unit. A transcript from such a sequence may be used in a state of being attached to siRNA
as long as the target gene silencing by siRNA is not hindered. If this state hinders the gene silencing, it is preferable
to perform trimming of the transcript using a trimming means (for example, ribozyme as described below).
[0020] In either case of the above-mentioned tandem or stem expression system, either pol II or pol III promoter may
be used as long as it is capable of producing the corresponding RNAs from the above-described DNAs. Preferably, a
pol III promoter suitable for expressing short RNAs such as siRNAs can be used. Pol III promoters include the U6
promoter, tRNA promoter, retroviral LTR promoter, Adenovirus VA1 promoter, 5Sr RNA promoter, 7SK RNA promoter,
7SL RNA promoter, and H1 RNA promoter. The U6 promoter adds four uridine nucleotides to the 3' end of RNA, thus
the 3' overhang of the finally produced siRNA can be f reely made to be of 4, 3, 2, 1, or 0 nucleotide by providing the
5' end sequence of the antisense and sense code DNAs with 0, 1, 2, 3 or 4 adenines. In the case of using other
promoters, the number of 3' overhanging nucleotide can be freely altered.
[0021] In the case of using pol III promoters, it is preferable to further provide a terminator at 3' ends of sense and
antisense code DNAs in order to express only the short RNAs and suitably terminate the transcription. Any terminator
sequence can be used as long as it is capable of terminating the transcription initiated by the promoter. A sequence
consisting of four or more consecutive adenine nucleotides, a sequence capable of forming the palindrome structure,
etc. can be used.
[0022] Pol II promoters include the cytomegalovirus promoter, T7 promoter, T3 promoter, SP6 promoter, RSV pro-
moter, EF-1α promoter, β-actin promoter, γ-globulin promoter, and SRα promoter. A pol II promoters produce not short
RNAs as in the case of a pol III promoter but somewhat longer RNAs. Therefore, when pol II promoters are used, it is
necessary to produce antisense or sense RNA by truncating somewhat longer RNA using a means to cleave RNA by
self-processing such as a ribozyme. A unit for producing antisense or sense RNA using a ribozyme may have the
following construction. As shown in Fig. 2A, the antisense or sense RNA producing unit has the antisense or sense
code DNA, the regions coding for the RNA sequence recognized by the ribozyme (recognition sequence coding region)
at its 5' and 3'-ends, and the regions coding for the 5'- and 3'-end cleaving ribozymes to cut off recognition sequences,
which regions are arranged outward adjacent to the respective recognition sequence coding regions. Such antisense
and sense RNA producing units may be operatively linked in tandem downstream of the same pol II promoter (Fig.
2B), or separately downstream of the respective promoters (Fig. 2C). Although Fig. 2B shows an example where both
units are linked in tandem, if necessary, it is also possible to insert an arbitrary spacer sequence between the antisense
and sense RNA producing units so as to adj ust the distance between the two RNAs expressed by the respective units
so that a ribozyme can readily act on the RNAs.
[0023] The ribozymes that cleaves 5' - and 3'-ends of the antisense and sense code DNAs may be a hammerhead
ribozyme (Biochem. Biophys. Res. Commun., Vol. 186, pp.1271-1279 (1992) ; Proc. Natl. Acad. Sci. USA, vol. 90, pp.
11302-11306 (1993)). The hammerhead ribozymes may have any other sequences so long as they are capable of self-
processing (BIO medica, Vol. 7, pp.89-94 (1992)). Also, ribozymes are not limited to the hammerhead ones, and, for
example, the hairpin ribozyme, HDV ribozyme, and Tetrahymena-derived ribozyme may be used as long as they are
capable of self-processing (Gene, Vol.'122, pp.85-90 (1992)). The ribozyme recognition sequences are those recog-
nized by the 5'- and 3'-cleaving ribozymes. For example, the hammerhead ribozyme cleaves the phosphodiester linkage
of NUH sequence (N is A, G, C or U, while H is A, C, or U. Although any of nucleotide combinations may be used,
"GUC" is preferred as the most efficiently cleaved sequence at its 3'-side. Therefore, when the hammerhead ribozyme
is used, NUH, preferably GUC can be used as a recognition sequence. An example of the mRNA construction for
producing antisense and sense RNAs is shown in Fig. 2D, in which a combination of this hammerhead ribozyme and
the recognition sequence GUC is added to the 5' - and 3'-ends of antisense and sense RNAs . In Fig. 2D, 5'-ends of
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antisense and sense RNAs are made to be "C" in order to form the 2-nucleotide overhang. When the 3-nucleotide
overhang is to be formed, the 5'-end is not limited to "C." In the construction shown in Fig. 2D, the sequence GUC is
added to the 3'-side.
[0024] If an inducible promoter is used as the promoter in this invention, siRNA can be expressed at any desired
timing. Such inducible promoters include the tetracycline-inducible U6 promoter (Ohkawa, J. & Taira, K. Control of the
functional activity of an antisense RNA by a tetracycline-responsive derivative of the human U6 snRNA promoter. Hum.
Gene Ther. 11, 577-585 (2000) ; Fig. 12). In addition, siRNA expression may be tissue-specifically induced using a
tissue-specific promoter or a DNA recombination system such as Cre-loxP system.
[0025] Moreover, instead of using a promoter inducible by drugs and such as described above, it is possible to control
the siRNA production using, for example, a recombinase. A case of using the CRE-loxP recombinase system will be
described as an example (Fig. 17). In the promoter, Distal Sequence Element (DSE) and Proximal Sequence Element
(PSE) are located with a space therebetween, and in the space a loxP sequence is arranged in the vicinity of DSE and
another loxP sequence in the vicinity of PSE. Usually, due to a distance between DSE and PSE, the promoter activity
is in the off state so as to inhibit the siRNA expression. The action of CRE protein on this expression system induces
recombination between loxP sequences located in the vicinities of DSE and PSE, resulting in the displacement of DNA
between loxP sequences. Then, DSE and PSE come close to each other to turn the promoter activity to the on state
for expressing siRNA. This example describes an siRNA producing system in which the promoter activity is turn to the
on state by the action of CRE. In contrast, it is also possible to construct a system inhibiting the siRNA expression by
the action of CRE (not shown). For example, one loxP is provided between DSE and PSE that are arranged so as to
maintain the promoter activity, and another loxP is located either upstream of DSE or downstream of PSE. In the
absence of Cre protein, the promoter activity is in the on state, and, in its presence, DSE or PSE is displaced through
recombination between loxPs to turn the promoter activity to the off state, leading to the suppression of siRNA pro-
duction. Although this is an example in which loxP is arranged in the promoter region, it is also possible to provide two
loxPs so as to interpose the antisense or sense code DNA to suppress the siRNA production by supplying the CRE
protein.
[0026] Furthermore, in the case of the stem-loop siRNA expression system, it is possible to provide two loxPs in the
linker portion so as to interpose the stop sequence (e.g. TTTTT). Without CRE protein, transcription from the promoter
is terminated at the stop sequence in the linker portion, leading to the suppression of siRNA production. CRE protein
induces the recombination between loxPs to displace the stop sequence, leading to transcription of antisense and
sense code DNAs to produce the stem-loop siRNA (cf. Fig. 28).
[0027] The siRNA expression system comprising the abovementioned "promoter," "antisense code DNA" and "sense
code DNA" can be integrated as such into the chromosome to intracellularly express antisense and sense RNAs,
thereby producing siRNA. Preferably, the siRNA expression system is introduced into the target such as cells using a
vector carrying the expression system to efficiently transfer the system. The vector usable in this invention can be
selected depending on the target to be transfected, such as cells, and includes, for mammalian cells, viral vectors such
as retrovirus vector, adenovirus vector, adeno-associated virus vector, vaccinia virus vector, lentivirus vector, herpes-
virus vector, alphavirus vector, EB virus vector, papilloma virus vector, and foamyvirus vector, and non-viral vectors
including cationic liposome, ligand DNA complex, gene gun, etc. (Y. Niitsu, et al., Molecular Medicine 35: 1385-1395
(1998)), but not limited to them. It is also possible to preferably use, instead of viral vectors, the dumbbell-shaped DNA
(Zanta M.A. et al., Gene delivery: a single nuclear localization signal peptide is sufficient to carry DNA to the cell
nucleus. Proc Natl Acad Sci U S A. 1999 Jan 5; 96 (1) : 91-6), DNA modified so as to have nuclease resistance, or
naked plasmids (Liu F, Huang L. Improving plasmid DNA-mediated liver gene transfer by prolonging its retention in
the hepatic vasculature. J. Gene Med. 2001 Nov-Dec; 3(6) : 569-76). The present inventors, as shown in the Examples
described below, found it possible to efficiently silence the expression of target gene by maintaining the siRNA expres-
sion system of this invention in a dumbbell-shaped DNA. Therefore, in a preferred embodiment of the present invention,
the siRNA expression system maintained in a dumbbell-shaped DNA molecule is preferably used. The dumbbell-
shaped DNA can be linked to antibody, peptide, and such to facilitate its introduction into cells.
[0028] The antisense and sense RNAs may be expressed in the same vector or in different vectors. For example,
the construction for expressing both antisense and sense RNAs from the same vector can be prepared by linking a
promoter, such as a pol III promoter capable of expressing short RNA, upstream of antisense and sense code DNAs
to form antisense and sense RNA expression cassettes, and inserting these cassettes into a vector either in the same
direction or opposite directions. An example of such a construction, in which these cassettes are inserted in the same
direction, is shown in Fig. 1A. It is also possible to construct an expression system, as shown in Fig. 1B, in which
antisense and sense code DNAs are arranged on different strands in the opposite orientation so as to pair up. This
construction may comprise one double-stranded DNA comprising antisense and sense RNA coding strands (DNA
coding for siRNA), and promoters on both sides facing to each other so as to express the antisense and sense RNAs
from the respective DNA strands. In this case, to avoid the addition of excess sequences downstream of the sense
and antisense RNAs, it is preferable to place a terminator at 3' ends of the respective strands (strands coding for
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antisense and sense RNAs). The terminator may be a sequence of four or more consecutive adenine (A) nucleotides.
In this palindrome expression system, it is preferable to use two different promoters. Herein, in these expression sys-
tems, as shown in Fig. 1A, siRNAs with the cut off structure at both ends are produced.
[0029] Furthermore, as an alternative construction capable of expressing the above-described stem-loop siRNAs, it
is also possible to form a unit in which both antisense and sense code DNAs are arranged in the opposite orientation
on the same DNA strand via a linker, and link the resulting unit downstream of a single promoter. In this case, the order
of expression is not necessarily limited to "DNA coding for antisense RNA -> linker -> DNA coding for sense RNA,"
but may be "DNA coding for sense RNA -> linker -> DNA coding for antisense RNA." RNA produced by the expression
system of this type construction has a stem-loop structure in which the linker portion forms a loop and sense and
antisense RNAs on its both sides pair up (a stem structure). Then, the loop portion in this palindrome is cleaved by
intracellular enzymes to produce the siRNA. In this case, the length of the stem portion, the length and type of the
linker, and such can be selected as described above.
[0030] In a system using the ribozyme as shown in Fig. 2, the system represented in Fig. 2B may be inserted into a
vector, or two cassettes shown in Fig. 2C may be inserted into the same vector either in the same direction or opposite
directions. It is also possible to maintain a system capable of expressing a plurality of siRNAs (siRNAs directed against
different target gene mRNAs, siRNAs directed against different target sites of the same target gene mRNA, or siRNA
directed against the same target site of the same target gene mRNA) in a single vector.
[0031] The system for expressing antisense and sense RNAs in different vectors may be constructed by linking, for
example, a pol III promoter capable of expressing short RNAs, upstream of the antisense and sense code DNAs to
construct antisense and sense RNA expression cassettes, and introducing these cassettes into different vectors. Fur-
thermore, the expression system using the ribozyme can be constructed by introducing two cassettes as shown in Fig.
2C in different vectors.
[0032] If required, it is also possible to allow a vector to further carry a sequence that enables selecting cells trans-
fected with the vector, such as a selection marker. Examples of selection markers include a drug resistance marker
such as the neomycin resistance gene, hygromycin resistance gene, and puromycin resistance gene, markers that
can be selected based on the enzyme activity as an indicator such as galactosidase, markers selectable by fluorescence
emission as an indicator such as GFP, markers that can be selected with the cell surface antigen such as EGF receptor,
B7-2, and CD4 as an indicator, etc. The selection marker enables selecting only the cell transfected with the vector,
namely, the cell transfected with the siRNA expression system. Therefore, a low transfection efficiency in the conven-
tional transfer of exogenous siRNA fragments into cells can be improved, and only cells expressing siRNA can be
concentrated. Furthermore, the use of vector can prolong the period maintaining the siRNA expression system. Vectors
such as the retrovirus vector induce the integration of the system into chromosomes, enabling stable supply of siRNA
from the siRNA expression system in the cells.
[0033] The present invention relates to cells maintaining the above-mentioned siRNA expression system. Cells to
be transduced with this siRNA expression system are preferably mammalian cells because siRNA is capable of inducing
RNAi in mammalian cells, in which RNAi has been conventionally difficult to be induced. Furthermore, cells which are
difficult to maintain a long-term stable expression of long-chain dsRNAs, such as plant cells, are also preferable as
the cells to be transduced with the present siRNA expression system. However, the above-mentioned cells used in
the present invention are not particularly limited to mammalian and plant cells, and may be, for example, cells of other
animals than mammals, yeast, fungi, etc.
[0034] Methods for introducing the above-mentioned siRNA expression system into the above-described cells may
be arbitrarily selected depending on cells. For example, for the transduction of mammalian cells, the method may be
selected from the calcium phosphate method (Virology, Vol. 52, p.456 (1973)), electroporation (Nucleic Acids Res.,
Vol. 15, p.1311 (1987)), lipofection (J. Clin. Biochem. Nutr., Vol. 7, p.175 (1989)), viral infection-mediated method (Sci.
Am., p.34, March (1994)), gene gun method, etc. Transduction of plant cells can be carried out by the electroporation
(Nature, Vol. 319, p.791 (1986)), polyethylene glycol method (EMBO J., Vol. 3, p.2717 (1984)), particle gun method
(Proc. Natl. Acad. Sci. USA, Vol. 85, p.8502 (1988)), Agrobacterium-mediated method (Nucleic Acids Res., Vol. 12, p
8711 (1984)), etc.
[0035] Selection of cells transduced with the above-described siRNA expression system may be carried out by known
techniques such as hybridization and PCR using DNA sequence specific for the siRNA expression system as a probe
or primer. However, when the siRNA expression system is maintained in the vector provided with a selection marker,
the selection can be performed with the phenotype owing to the marker as an indicator.
[0036] Cells transduced with the siRNA expression system become knock-down cells in which the target gene ex-
pression is silenced. Herein, "knock-down cells" include cells in which the target gene expression is completely sup-
pressed, and those not completely suppressed but reduced. Knock-down cells have been conventionally produced by
deleting or modifying a target gene or its regulatory region. In contrast, the use of the siRNA expression system ac-
cording to the present invention enables to simply produce cells in which the target gene expression is suppressed by
introducing the siRNA expression system into cells and selecting the transduced cells without any modification of the
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target gene on chromosomes. The knock-down cells according to the present invention can be used as research tools
for the functional analysis of a target gene, and cells in which a disease-causative gene as the target has been silenced
can be used as disorder model cells and such. Furthermore, target gene knock-down animals, disorder model animals
and so on can be produced by introducing the above-described siRNA expression system into germ cells, and gener-
ating individual organisms from the germ cells maintaining the system.
[0037] There is no particular limitation in the method of producing target gene knockdown animals using the above-
described siRNA expression system, and any known method may be used. As an example, the siRNA expression
vector is injected into fertilized eggs obtained by mating an F1 female mouse (e.g. CBA/JxC57BL/6J) with a male
mouse (e.g. C57BL/6J). The peripheral blood DNA is obtained from the tail of a mouse developed from the above-
mentioned fertilized egg, and subjected to genomic Southern blot analysis using a portion of the expression vector as
a probe to identify the positive progenitor animal in which the siRNA expression vector has been integrated into its
chromosomes. Backcrossing of the above-mentioned progenitor mouse with either C57BL/6J or F1 (CBA/JxC57BL/
6J) hybrid mouse is repeated to obtain their offspring mice. Then, genomic Southern blot and PCR analyses are per-
formed to identify offsprings positive for the gene recombination.
[0038] Furthermore, although the case of introducing siRNA expression system mainly into mammals has been
described above, the system may be used in plants. The RNAi induction by the direct introduction of conventional
double-stranded RNA into plant cells is difficult to maintain RNAi effects due to the loss of dsRNA during the cell
passage processes. It possible to maintain RNAi effect in plant cells by using the RNA expression system of the present
invention to integrate the siRNA generation system into chromosomes in plant cells. It is also possible to create from
these cells a transgenic plant that stably maintains RNAi effect. The transgenic plant can be created by methods known
to those skilled in the art.
[0039] The present invention also relates to a composition containing the above-described siRNA expression system.
Since the present siRNA expression system is capable of suppressing the expression of any desired target gene using
siRNA, this system enables disorder-causative gene silencing. The siRNA expression system can be used as a phar-
maceutical composition and such supplemented with appropriate vehicles.
[0040] Another embodiment of the present invention relates to a system for intracellularly expressing an siRNA library.
siRNAs expressed by "siRNA library" of the present invention are composed of RNA strands comprising adenine,
guanine, cytosine or uracil in any order and having a length of siRNA to be expressed or those encoded by (random)
cDNA or genomic DNA fragments having a length of siRNA to be expressed. Herein, such siRNAs as described above
are also referred to as "random siRNA." That is, "random siRNAs" used herein is composed of any sequences, or any
sequences selected from specific cDNA sequences, sequences contained in a specific cDNA library, or genome se-
quences. The above-described siRNA expression system is capable of silencing a specific target gene expression,
while the system of this embodiment can be used to search for novel functional genes by expressing an siRNA library
and silencing arbitrary genes, for example, whose functions and sequences are unknown. An example of the siRNA
library expression system has a construction as shown in Fig. 1B. This system comprises DNA coding for a double-
stranded siRNA in which DNA coding for random antisense RNA and DNA complementary to the DNA coding for sense
RNA are paired (hereinafter called "siRNA code DNA"), and two promoters that faces each other interposing the siRNA
code DNA and are capable of separately expressing antisense RNA or sense RNA.
[0041] The above-described "random siRNAs" are the same as the above-mentioned siRNA expression system,
except that they contains any sequences, or any sequences selected from specific cDNA sequences, sequences in-
cluded in a specific cDNA library, or genomic sequences, and composed of double-stranded RNAs of such short strands
as expressing no toxicity in mammalian cells. The short strand is not limited to 21 to 23 bp long as reported by Tuschl
et al. (ibid) , and may be, for example, 15 to 49 bp, preferably 15 to 35 bp, and more preferably 21 to 30 bp long as
long as it does not exhibit toxicity. In addition, the end structure of the above-mentioned random siRNAs may be either
blunt or cohesive (overhanging) as long as they are capable of silencing the target gene by RNAi effect. In addition,
the cohesive (overhanging) end structure may include not only the 3'-overhang but also 5'-overhang as long as it is
capable of inducing the above-mentioned RNAi effect. Moreover, the number of overhanging nucleotide is not limited
to 2 or 3, but may be any number capable of inducing RNAi effect, for example, 1 to 8 nucleotides, preferably 2 to 4
nucleotides. Furthermore, as described above, siRNA may comprise a low molecular RNA at the overhang on its one
end. Moreover, as mentioned above, siRNA expressed by the siRNA library expression system may comprise a mis-
match or a bulge, or both of them in the double-stranded RNA region in which RNAs pair up.
[0042] In addition, the siRNA library expression system is not limited to the above-described construction (having
two promoters facing each other interposing the siRNA code DNA), and may have a construction capable of expressing
the stem-loop siRNA. That is, the present invention also includes a construction in which a promoter is linked upstream
of a unit (hereafter referred to as "stem-loop siRNA library producing unit) formed by connecting a DNA coding for an
antisense RNA (for example, any random sequences, or any sequences selected from specific cDNA sequences,
sequences included in a specific cDNA library, or genome sequences), and a DNA coding for sense RNA complemen-
tary to the above-mentioned antisense RNA in the opposite direction via a linker DNA. One example of a method of



EP 1 462 525 A1

5

10

15

20

25

30

35

40

45

50

55

10

preparing the above-described stem-loop siRNA library producing unit is shown in Fig. 18. That is, a single-stranded
DNA comprising a DNA coding for antisense RNA having a random sequence (antisense code DNA) and at its 3' end
a sequence capable of forming an arbitrary palindrome structure, is synthesized using a DNA synthesizer or the like.
A primer complementary to the 5' side of this single-stranded DNA is prepared, and annealed to it to form a palindrome
structure at the 3' end of the single-stranded DNA. DNA polymerase and DNA ligase is allowed to act on this construction
to synthesize the sense code DNA strand complementary to the antisense code DNA, and, at the same time, to form
a palindrome structure in which a stem portion is elongated. This palindrome structure is made single-stranded by the
denaturing treatment, and PCR is performed using primers complementary to the sequences at both sides of antisense
code DNA and sense code DNA to produce a double-stranded DNA containing the stem-loop siRNA library producing
unit. If necessary, one strand of the double-stranded DNA containing the stem-loop siRNA library producing unit is
trimmed with restriction enzyme or the like, and the double-stranded DNA thus obtained is linked downstream of an
appropriate promoter to produce the stem-loop siRNA library expression system.
[0043] From the above-described stem-loop siRNA library expression system, the stem-loop siRNA is produced. In
this stem-loop siRNA, as described above, the length of the double-stranded RNA portion to be produced (stem portion)
can be, for example, 15 to 49 bp, preferably 15 to 35 bp, and more preferably 21 to 30 bp long. In addition, there is no
particular limitation in the length and sequence of the linkers as long as they do not hinder the pairing of the stem
portion, and a low molecular RNA such as clover leaf tRNA may be provided as a linker.
[0044] The above-mentioned "random antisense code DNA" is composed of any sequences, which may be arbitrarily
selected, for example, from a group of sequences that is formed by any combination of four nucleotides "A, G, C, and
T" and has the length of siRNA to be expressed. Alternatively, the "random antisense code DNA" is composed of any
sequence selected from specific cDNA sequences contained in a specific cDNA library, or genome sequences. Pro-
moters usable herein may be pol II or pol III promoter. It is preferable to use pol III promoters suitable for expressing
short RNA such as siRNA. Furthermore, the two promoters may be identical or different, preferably different in view of
the expression efficiency. Examples of pol II and pol III promoters usable in this case are the same as described above.
[0045] In addition, when a pol III promoter is used, to appropriately terminate the transcription after the expression
of complementary short RNA, it is preferable to provide terminator between the promoter and DNA coding for siRNA
as shown in Fig. 1B. A, sequence consisting of 4 or more consecutive adenines as shown in Fig. 1B, any terminators
known to those skilled in the art, and such may be used.
[0046] When an inducible promoter is used, an siRNA library can be expressed at a predetermined timing. It is thus
possible to analyze genes functioning at specific development/differentiation stages of organisms. Furthermore, the
use of a promoter having tissue-specific transcriptional activity enables induction of tissue-specific expression of siRNA,
thereby allowing the analysis of functional genes in a specific tissue. Inducible promoters and tissue-specific promoters
usable in this case are the same as those described above. The above-described siRNA library expression system
can be integrated into chromosomes of cells as a DNA insert. For efficient introduction into cells and such, the siRNA
library expression system is preferably maintained in a vector. "Vectors" usable herein are the same as those described
above. It is also possible to improve screening efficiency of functional genes by introducing the siRNA library expression
system capable of expressing a plurality of siRNAs in a single vector. If necessary, a vector carrying the siRNA library
expression system may further comprise a selection marker or the like. Selection markers usable in this case are the
same as those described above. Thus, the use of selection markers enables selection of cells transfected with the
vector carrying the siRNA library expression system, thereby improving screening efficiency of functional genes.
[0047] Another embodiment of the siRNA expression system of this invention is an siRNA library expression system
that is an assembly of multiple siRNA expression vectors that each targets a gene sequence comprising a coding
region and/or a non-coding region.
[0048] It is also possible to collect siRNA library expression systems capable of expressing different siRNAs and
construct an assembly. For example, siRNA code DNAs and a stem-loop siRNA library expression system may be
constructed so as to produce, as the siRNAs to be expressed from this assembly, RNA strands comprising sequences
that are formed by any combination of four nucleotides "A, G, C and U" and have the length of siRNAs to be expressed.
Alternatively, siRNA code DNAs may comprise any cDNA fragments or any sequences selected from sequences in-
cluded in any cDNA libraries, or genome sequences. Thus, the use of an assembly comprising a plurality of siRNA
library expression systems enables more efficient search for functional genes.
[0049] Using the above-described random siRNA library expression system or assembly of these siRNA library ex-
pression systems, a method of searching for functional genes can be performed by the steps of: introducing an siRNA
library expression system or the above-mentioned assembly of siRNA library expression systems into cells, selecting
the cells transduced with the above-described siRNA library expression system or assembly, and analyzing phenotypes
of the cells thus selected.
[0050] As described above, methods for introducing the siRNA library expression system or the like into cells may
vary depending on the kind of cells. Specifically, methods of its introduction into mammalian cells can be selected from
the calcium phosphate method (Virology, Vol. 52, p.456 (1973)), electroporation method (Nucleic Acids Res., Vol. 15,
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p.1311 (1987)), lipofection method (J. Clin. Biochem. Nutr., Vol. 7, p.175 (1989)), virus infectious transduction method
(Sci. Am. p. 34, March (1994)), gene gun method and the like, while its introduction into plant cells can be carried out
by the electroporation method (Nature Vol. 319, p. 791 (1986)), polyethylene glycol method (EMBO J. Vol. 3, p.2717
(1984)), particle gun method (Proc. Natl. Acad. Sci. USA Vol. 85, p.8502 (1988)), method mediated by Agrobacterium
(Nucleic Acids Res. Vol. 12, p. 8711 (1984)) and the like.
[0051] When the siRNA library expression system or the like is introduced into a vector carrying a selection marker,
cells transduced with the system or assembly can be selected by collecting the cells having the phenotype due to the
selection marker. When a selection marker is not contained, transduced cells can be selected by detecting them with
the known hybridization method, PCR, and such using the specific sequence that is common to the siRNA library
expression system as a probe or primer.
[0052] After the selection of cells transduced with the above-described siRNA library expression system or assembly,
the phenotype of these cells can be analyzed by comparing it to that of control cells transduced with no siRNA library
expression system or assembly. These phenotypes are not limited to those expressed only on the cell surface, but
include, for example, intracellular alterations, and such.
[0053] Cells judged to have altered phenotypes by the above-mentioned analysis would contain the siRNA library
expression system capable of silencing any of functional genes. Therefore, to screen for functional genes, probes and
primers are constructed based on the DNA sequence coding for siRNA contained in this cell and are used in hybridi-
zation or PCR to conduct cloning of functional genes. Database search for functional genes can also be performed
based on the DNA sequence coding for siRNA.
[0054] Effects of the siRNA expression system of the present invention usually greatly vary depending on the position
of the target site of the target gene. For example, in the case of targeting HIV, a high gene silencing effect of siRNA
can be expected by targeting a priming site. Even in the case where a preferable target site is unknown, the siRNA
library expression system of the present invention is effective. That is, the above-mentioned siRNA library expression
system of this invention is extremely useful as a system of searching for the optimal target site of mRNA to be effectively
degraded by siRNA. The present invention provides a method for selecting a highly active siRNA comprising the steps
of: introducing the siRNA library expression system, or assembly of siRNA library expression systems of this invention
into cells, and measuring expression levels of a specific gene or protein in the cells transduced with the siRNA library
expression system or the assembly thereof. Measurement of expression levels of any desired gene or protein can be
easily carried out by the methods known to those skilled in the art such as Northern blot hybridization or Western blot
hybridization.
[0055] The cells in which the siRNA expression system and siRNA library expression system of this invention is
introduced are not particularly limited to mammalian cells, but include cells of other animals, plants, yeast, fungi, etc.
[0056] The siRNA expression library of the present invention can be used to, for example, search for viral infection-
associated genes. The siRNA expression library is introduced into cells the cells are infected with a virus, and surviving
cells are examined, thereby easily identifying genes associated with this viral infection. The use of the siRNA expression
library containing the human 40, 000 cDNAs enables the identification of all the viral infection-associated genes. The
randomized siRNA expression library or the siRNA expression library of genome fragments enables to identify genes
other than cDNAs. These two libraries may be used in combination.

Brief Description of the Drawings

[0057]

Fig. 1 represents an siRNA expression system using the U6 promoter, and a method for producing siRNA employing
the system. (A) shows an siRNA production process. Two U6 promoters produce sense and antisense short RNAs,
with adding four uridines (Us) to 3'-ends of RNAs. Sense and antisense RNAs thus expressed are annealed to
form the duplex of siRNAs with a 4-nucleotide 3' overhang. (B) shows a palindrome type siRNA expression system,
comprising a double-stranded DNA coding for siRNA comprising sense and antisense code DNAs and promoters
at both ends, from which sense and antisense RNAs are expressed.
Fig. 2 represents an example of the construction for producing an siRNA expression system using a ribozyme.
Fig. 3 represents the EGFP gene silencing effect of an siRNA expression system directed against EGFP when
the system was introduced into cells expressing hygromycin/EGFP. Left side panels (A, D, G and J) show the
expression of hygromycin/EGFP; middle panels (B, E, H and K) the expression of DsRed; right side panels (C, F,
I and L) the results of merged expressions of hygromycin/EGFP and DsRed.
Fig. 4 represents the gene silencing effect of an siRNA expression system directed against either sea pansy (Re-
nilla) or firefly luciferase when the system was introduced into HeLa S3 cells having the luciferase activity. In Fig.
4a, an ordinate value means luciferase activity of the cells, in which the siRNA expression system directed against
the firefly luciferase was introduced, normalized based on the sea pansy luciferase activity, or the activity of the
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cells, in which the siRNA expression system directed against the sea pansy luciferase was introduce, normalized
based on the firefly luciferase activity. Fig. 4b shows the concentration-dependent silencing effect of the siRNA
expression systems on firefly or sea pansy luciferase activity when a varied amount of the siRNA expression
system directed against each luciferase was introduced into cells.
Fig. 5 represents the gene silencing effect using a series of siRNAs or siRNA expression systems directed against
different target sites on the same target gene (for firefly luciferase). Fig. 5a shows the gene silencing effect of
siRNA expression vectors directed against various target sites when the vectors were introduced into cells. Fig.
5b represents the results obtained when the exogenous siRNAs directed against different target sites were directly
introduced into cells at different concentrations.
Fig. 6a represents the gene silencing effect of the length of 3' overhang of siRNA. Fig. 6b shows the gene silencing
effect of siRNA expression systems directed against two target genes or two target sites. In Fig. 6b, luciferase
activity values were normalized based on the activity of β-galactosidase introduced as an internal control.
Fig. 7 represents the capability of the siRNA expression system to silence the endogenous β-catenin gene. Panels
A, B, and C are for the group transduced with the siRNA expression vector directed against β-catenin (pHygEGFP/
iβ-catenin), while panels D, E, and F are for the group transduced with the empty vector (pHygEGFP). These
groups were all stained with the anti-β-catenin antibody. Left side panels (A and D) represent the expression of
Hygromycin/EGFP; middle panels (B and E) the expression of β-catenin; and right side panels (C and F) the
merged image of these two expressions.
Fig. 8 represents the comparison of RNAi effects between the tandem and stem-loop siRNAs. siRNA expression
vectors pU6tandem19 and pU6stem19 are tandem and stem-loop, respectively. Cont. represents the control (va-
cant vector).
Fig. 9 represents the gene silencing effects of various siRNA expression vectors.
Fig. 10 represents the gene silencing effects of siRNA expression vectors containing a cytomegalovirus-derived
promoter (CMV promoter), and tRNA promoter.
Fig. 11 represents the RNAi induction effects of double-stranded siRNAs containing a mismatch, or a bulge.
Fig. 12 is a diagram describing the principle of Tet-ON system. In the absence of tetracycline, the tetracycline
repressor protein binds to U6 promoter, resulting in the suppression of transcription, while, in its presence, the
tetracycline repressor protein binds to it to be released from U6 promoter so as to initiate transcription.
Fig. 13 is a graph representing RNAi inducing effects of siRNA expression vector having the tetracycline-inducible
promoter. U6Teti represents an siRNA expression vector containing the tetracycline operator sequence in U6 pro-
moter, and U6i represents an siRNA expression vector not containing the sequence.
Fig. 14 is a diagram depicting automatic cleavages in the RNA transcript containing a trimming ribozyme.
Fig. 15 is a diagram depicting siRNA production by self-processing of trimming ribozyme. Nucleotide cleavages
occur at the positions indicated by black arrowheads to produce siRNAs.
Fig. 16 is an electrophoretogram showing siRNA production by RNA self-processing. Bands corresponding to 21nt
siRNA are indicated with an arrow.
Fig. 17 is a diagram showing an example of the construction for controlling siRNA expression using the Cre-lox
system.
Fig. 18 is a diagram representing an example of the preparation of the stem-loop siRNA library expression system.
Fig. 19 is a diagram representing an example of the preparation of the siRNA library expression system.

1  shows a random DNA fragment having the dephosphorylated blunt ends of 19 to 29 bp long.
2 represents the random DNA fragment 1 which is ligated with the 5'-phosphorylated hairpin type DNA
linker 1 at its both ends.

Fig..20 is a continuation of Fig. 19.

3  shows strand displacement from the Nick site by Bst DNA Polymerase.
4  represents the fragment 3  which is ligated with DNA linker 2.

Fig. 21 is a continuation of Fig. 20.

5  shows strand displacement from the Nick site by Bst DNA Polymerase.
6  represents the cleavage of 5  by AscI.

Fig. 22 is a continuation of Fig. 21.

7  represents an siRNA library expression pre-library.
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8 shows BspMI cleavage of the siRNA library expression pre-library. In the case of inserting the Loop se-
quence, TTCG, between the sense and antisense code DNAs, the cleavage proceeds to step 8 -2 in Fig. 23.
9 represents the completed siRNA library expression system as a result of blunting by Klenow Fragment,
removal of DNA linker 1, and self-ligation.

Fig. 23 is a continuation of Fig. 22.

8 -2 represents the case of inserting the Loop sequence, TTCG, between the sense and antisense code
DNAs in 8 . The siRNA library expression pre-library is cleaved by BsgI.
8 -3 shows cleavage of the siRNA library expression pre-library by BspMI. The cleaved site by BsgI cannot
be attacked by BspMI.
9 -2 represents the completed siRNA library expression system as a result of blunting by T4 DNA Polymerase,
removal of DNA linker 1, and self-ligation.

Fig. 24 is a diagram representing the preparation of EGFP cDNA fragment of approximately 20 to 25 bp long. The
final product that is a random EGFP cDNA fragment of approximately 20 to 25 bp long with the dephosphorylated
blunt end serves as the random DMA fragment in Fig. 19 1 .
Fig. 25 is a diagram representing the preparation of a cloning vector. The promoter is either the human U6 promoter
or human tRNA promoter. The cloning vector containing U6 promoter was prepared using BspMI and Klenow,
while that containing tRNA promoter was prepared using BseRI and T4 DNA Polymerase.
Fig. 26 represents micrographs showing the results of observing the EGFP fluorescence intensity with a confocal
microscope.
Fig. 27 is a graph representing relative EGFP fluorescence intensities in pUC18, U6 GFP25 siRNA lib-loop-, U6
GFP25 siRNA lib TTCG, tRNA GFP25 siRNA lib loop-, and tRNA GFP25 siRNA lib TTCG, measured 24 and 48
h after the transfection.
Fig. 28 is a diagram representing the stem-loop siRNA expression system containing two loxPs that interpose the
linker portion containing the stop sequence.
Fig. 29 is a graph representing the gene silencing effect of the siRNA expression adenovirus vector.
Fig. 30 is a graph representing the gene silencing effect of the siRNA expression HIV vector.
Fig. 31 is a graph representing the gene silencing effect of the siRNA expression dumbbell-shaped vector.
Fig. 32 is a graph representing the gene silencing effect of the siRNA expression system containing a mismatch
or a bulge in the double-stranded RNA region of siRNAs. Numerals in parentheses at the top of each sequence
represent SEQ ID NOs.

Best Mode for Carrying out the Invention

[Example 1] RNAi induction by using siRNA expression vector

[0058] Whether the siRNA expression vector can silence the target gene coding for the exogenous hygromycin/
EGFP fusion protein was examined.
[0059] The Hygromycin/EGFP expression vector (pHygEGFP), and DsRed expression vector (pDsRed2) that is an
internal control were purchased from Clontech. The siRNA expression vector was constructed using the plasmid pU6
carrying the human U6 promoter (Ohkawa, J. & Taira, K. Control of the functional activity of an antisense RNA by a
tetracycline-responsive derivative of the human U6 snRNA promoter. Hum Gene Ther. 11, 577-585 (2000)). Fragments
containing DNAs coding for portions of hygromycin/EGFP sense and antisense RNAs were synthesized with a DNA
synthesizer, and subcloned immediately downstream of the U6 promoter in pU6. To insert these synthetic fragments
downstream of the U6 promoter in pU6, a BspMI recognition site was provided downstream of the U6 promoter and
another BspM1 site was provided further downstream thereof in the vector used in subcloning. After cleavage with
BspM1, the 4-nucleotide cohesive ends were formed. The vector capable of expressing sense RNA was constructed
by inserting the synthetic sense code DNA whose end is complementary to these cohesive ends.
[0060] In a similar manner, DNA coding for antisense RNA (19 nucleotides) was also synthesized, and subcloned
immediately downstream of the U6 promoter in pU6.
[0061] This antisense RNA expression cassette containing the U6 promoter was excised from the vector, inserted
into the pU6 vector comprising the sense RNA expression cassette to construct the siRNA expression vector (pU6iHyg/
EGFP). Herein, since it has been reported that, in the case of using the U6 promoter, four uridines (Us) are added to
the 3'-end of the expressed mRNA, siRNA that is expressed by the siRNA expression vector and intracellularly formed
has four nucleotide-overhangs at both 3'-ends. That is, this siRNA expression vector expresses a 23-nucleotide long
siRNA having the duplex of 19 nucleotides and 4-nucleotide overhangs at both 3'-ends thereof (Fig. 1A).
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[0062] Human HeLa S3 cells were co-transfected with the above-described pHygEGFP (1 µg), pDsRed2 (0.5 µg),
and pU6iHyg/EGFP (1 µg) by the lipofection method (using Lipofectamine 2000). Forty-eight hours after the transfec-
tion, the cells were allowed to stand at 37°C, and observed under a confocal microscope. As a control experiment,
similar operations were conducted using pU6 in place of the siRNA expression vector.
[0063] In Fig. 3, upper panels represent the results of control experiments using pU6, while lower panels show those
obtained by introducing pU6iHyg/EGFP. As shown in the center column of Fig. 3, in cells transduced with the red
fluorescence-emitting pDsRed as an internal control, no significant difference in the fluorescence intensity was ob-
served between the control and pU6iHyg/EGFP-transduced groups, indicating no difference in the vector transfer ef-
ficiency between the two experimental groups, and also no non-specific gene silencing of gene expression by the
siRNA expression vector. On the other hand, as shown in the left column of Fig. 3, cells emitting green fluorescence
due to pHygEGFP were reduced in number and the fluorescence intensity in green fluorescent cells was also decreased
in the pU6iHyg/EGFP-transduced group compared to the control group. Similarly, as shown in the right column of Fig.
3, even when red and green fluorescences were merged, green-fluorescent cells and yellow fluorescent cells due to
the merging of red and green were decreased in number in the siRNA expression vector-transduced cells'compared
to the control. These results proved that introduction of the siRNA expression vector induces RNAi, leading to the
target gene silencing. Furthermore, as a result of similar analysis conducted using mouse COS 7 cells, it was observed
that the expression of pDsRed was not affected at all, but that of pHygEGFP was specifically silenced (not shown).

[Example 2] Quantification of gene silencing activity of siRNA expression vector

[0064] In order to quantify RNAi effects, the gene expression silencing activity of siRNA directed against genes of
firefly and sea pansy luciferases as the other reporter gene was analyzed as follows.
[0065] HeLa S3 and COS 7 cells were cultured in Dulbecco's modified Eagle's medium supplemented with 10% fetal
bovine serum. The respective cultured cells (3 x 104 cells/well) were placed in each well of 48-well plates. To conduct
luciferase reporter analysis, the RSV-sea pansy luciferase expression vector (pRL-RSV)15 (30 ng), firefly luciferase
expression vector pGL3 (Promega) (30 ng), and various amounts of siRNA expression vectors directed against firefly
or sea pansy luciferase transcriptional product were co-transfected into cells in each well by the lipofection method
using Lipofectamine 2000 (Life Technologies).
[0066] Results of luciferase analysis in HeLa S3 cells are shown in Fig. 4. Fig. 4A represents results obtained by the
introduction of a fixed amount (300 ng) of the siRNA expression vector, indicating silencing of the corresponding target
gene expression due to the siRNA introduction. Furthermore, in the luciferase activity analysis carried out with plasmids
expressing only either sense or antisense RNA, both plasmids had no effect on the expression of firefly and sea pansy
luciferases at all. Fig. 4B shows results obtained by introduction of varied amounts of siRNA. The siRNA expression
vector directed against the firefly luciferase gene dose-dependently decreased the firefly luciferase activity without
affecting the sea pansy luciferase activity. On the other hand, in cells transfected with the siRNA expression vector
directed against sea pansy luciferase gene, sea pansy luciferase activity was dose-dependently reduced. These results
clearly demonstrated that the siRNA expression system using the U6 promoter specifically and effectively silenced the
target gene.

[Example 3] Target site-dependent gene silencing

[0067] Next, it was examined whether siRNA expression vectors directed against different target sites in the same
transcriptional product have different gene silencing effects or not. In this analysis, each of siRNA expression vectors
directed against four different target sites on the firefly luciferase transcriptional product was co-transfected together
with the firefly luciferase expression vector, and sea pansy luciferase expression vector as an internal control into HeLa
S3 cells under similar conditions as in Example 2. Sequences of sense and antisense code DNAs in siRNA expression
vectors directed against these four different target sites are set forth below:
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[0068] As shown in Fig. 5A, the luciferase gene silencing activity varied depending on differences of target sites.
That is, the siRNA expression vector directed against site B was highest in the gene silencing activity so that the firefly
luciferase activity was reduced to 14% of the control. The siRNA expression vectors directed against sites A, C and D
reduced the enzyme expression level to 44%, 38% and 36% of the control, respectively. In this case, the siRNA ex-
pression vector directed against site O showed no gene expression silencing activity similarly as the two control ex-
pression vectors, Hyg-U6siRNA and pU6.
[0069] It was also examined whether the above-described difference in the gene silencing activity depending on
target sites is either derived solely from differences in target site or due to differences in the transcriptional efficiency
of each siRNA. For this examination, the above-mentioned sense and antisense RNA oligonucleotides were synthe-
sized respectively. Sequences of these siRNA oligonucleotides are as follows:
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[0070] The above-described RNA oligonucleotides were synthesized using an RNA synthesizer Model 394 (Applied
Biosystems). Synthetic RNAs were deprotected, and purified by denaturing acrylamide gel electrophoresis. After eluted
from the gel, each RNA fraction was applied onto an NAP-10 column (Pharmacia) and eluted with water free from
ribonucleases, for desalting. The resulting eluate was dried in vacuo, and re-suspended in annealing buffer (phosphate-
buffered physiological saline (PBS) at pH 6.8, 2 mM MgCl2). Then, for annealing RNA oligonucleotides, 10 µM RNAs
were prepared, incubated at 95°C for 1 min, then cooled to 70°C, and further slowly to 4°C over 2 hrs. The thus-
obtained siRNA oligonucleotides were introduced into HeLa S3 cells similarly as described above to assay luciferase
activity (Fig. 5B).
[0071] Luciferase gene silencing profiles by siRNA oligonucleotides directed against respective target sites showed
a similar pattern to that obtained by the cases where siRNA expression vectors were introduced at 1 and 0.1 nM,
except for a slight gene silencing activity expressed by siRNA oligonucleotide directed against site O. These results
indicate that differences in the gene silencing activity are not caused by differences in the expression efficiency of each
siRNA, but dependent on differences in target sites such as their secondary structures and the presence of RNA binding
proteins.

[Example 4] Effect of the length of 3' overhang of siRNA

[0072] siRNAs produced by the U6 promoter have four uridine nucleotide overhangs at 3'-ends. On the other hand,
Elbashir et al. reported that, in experiments in vitro using Drosophila, the gene silencing efficiency of siRNAs is reduced
when 3' overhangs are longer than 2 to 3 nucleotides (Elbashir, S. M., Lendeckel, W. & Tuschl, T. RNA interference is
mediated by 21- and 22-nucleotide RNAs. Genes Dev. 15, 188-200 (2001)). Therefore, it was examined whether the
four-nucleotide 3' overhang of the above-described siRNA affects the RNAi induction efficiency by siRNA or not. siRNA
oligonucleotides directed against the same target site on the above-mentioned sea pansy luciferase transcriptional
product with 3' overhangs whose number of uridine nucleotide is set to 2, 3 or 4 were prepared by chemical synthesis
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similarly as in the above-described Example 3. These siRNA oligonucleotides directed against the sea pansy luciferase
transcriptional product, and firefly luciferase expression vector as an internal control were introduced at various con-
centrations into HeLa S3 cells by the lipofection method to assay luciferase activity (Fig. 6A).
[0073] Expression of sea pansy luciferase was not silenced with the above-described internal control alone, but
dose-dependently suppressed in a group of cells transduced with the above-mentioned siRNA oligonucleotides. Fur-
thermore, no significant difference in the gene silencing activity due to the 3' overhang varying from 2 to 4-nucleotide
long was observed, thereby revealing that siRNA with 4-nucleotide 3' overhang produced from the U6 promoter is also
capable of silencing the target gene expression as effectively as siRNAs with 2-, or 3-nucleotide overhang.

[Example 5] Simultaneous silencing of a plurality of genes

[0074] It was examined whether different target genes can be simultaneously silenced by siRNA when two different
genes including the target genes are expressed at the same time. A plasmid containing two siRNA expression cassettes
directed against firefly and sea pansy luciferases was constructed, and co-transfected into cells.
[0075] Firefly luciferase expression vector (30 ng), sea pansy luciferase expression vector (30 ng), a vector (300 ng)
expressing siRNAs directed against both luciferase transcriptional products were co-transfected together with a vector
(100 ng) expressing β-galactosidase as an internal control into HeLa S3 cells. As the control, similar experiments were
carried out using vectors expressing siRNA directed against either one of firefly and sea pansy luciferase transcriptional
products.
[0076] As shown in Fig. 6B, transfection of the siRNAs expression vector (U6i-Firefly/Renilla) directed against both
luciferases simultaneously silenced the expression of firefly and sea pansy luciferases to the same levels as that when
siRNA expression vector directed against either one of luciferases (U6i-Renilla or U6i-Firefly) was introduced.
[0077] As described above, it was demonstrated that, by arranging a plurality of siRNA expression cassettes in the
same plasmid to simultaneously express these multiple siRNAs, it is possible to silence corresponding target genes
without generating interference among respective promoters.

[Example 6] Endogenous gene silencing

[0078] All of the above-mentioned Examples related to the silencing of exogenous gene introduced into cells. In this
experiment, whether siRNA expression vector is capable of silencing the endogenous gene expression was examined.
[0079] The endogenous gene coding for β-catenin was selected as a target. This β-catenin is a membrane-tethered
cytoplasmic protein, and is known as a factor associated with cadherins in intercellular adhesion and also as an im-
portant oncogene (Peifer, M. & Polakis, P. Wnt signaling in oncogenesis and embryogenesis - a look outside the nucleus.
Science 287, 1606-1609 (2000)).
[0080] EGFP expression plasmid containing the siRNA expression cassette directed against β-catenin (pEGFP/
ibeta-catenin) was introduced into SW480 cells expressing β-catenin. As a control, EGFP expression plasmid contain-
ing no siRNA expression cassette directed against β-catenin (pEGFP) was similarly introduced into the cells at 60%
confluency. These plasmids were introduced into the cells mounted on slide glass using reagents such as Effectene
(Qiagen) or Fugene 6 (Roche Molecular Biochemicals). Forty eight hours after transduction, cells were fixed in PBS
containing 4% paraformaldehyde for 20 min, permeabilized in 0.1% Triton X100, then stained using the anti-β-catenin
antibody (UBI) and Cy3-labeled secondary antibody. Cellular fluorescence after staining was analyzed using a confocal
microscope (Fig. 7).
[0081] It was demonstrated that, in green fluorescent cells holding pEGFP/ibeta-catenin, the β-catenin expression
level was substantially low as compared with the cells transduced with no plasmid. Furthermore, no difference in the
β-catenin expression level was observed in green fluorescent cells transduced with pEGFP and cells transduced with
no plasmid.

[Example 7] Comparison of gene silencing effects between the tandem and stem-loop siRNA expression vectors

[0082] Gene silencing effects of an siRNA expression vector (pU6tandem19) in which DNAs coding for sense and
antisense RNAs are arranged in tandem and an siRNA expression vector (pU6stem19) capable of expressing the stem
loop RNA molecule, were examined. The siRNAs expressed from the above-described respective vectors are referred
to as tandem siRNA and stem-loop siRNA. The sequence of the stem-loop siRNA transcribed in the pU6stem19 is
5'-GTGCGCTGCTGGTGCCAACgugugcuguccGTTGGCACCAGCAGCGCAC-3' (SEQ ID NO: 21). The gene silencing
activity was quantified by the luciferase analysis described in the above-described Examples.
[0083] Results are shown in Fig. 8. Both tandem and stem-loop siRNAs concentration-dependently reduced the
luciferase activity. These results revealed that both the tandem and stem-loop siRNA expression systems effectively
suppress the expression of the target gene.
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[Example 8] Gene silencing effects of various siRNA expression vectors

[0084] Gene silencing effects of siRNA expression vectors containing various promoters were examined. Luciferase
analysis was performed under similar conditions as in the above-described Examples. The following siRNA expression
vectors were used.

· vector (pU6tandem19) expressing the tandem siRNA by human U6 promoter,
· vector (p5Standem19) expressing the tandem siRNA by human 5S rRNA promoter,
· vector (pHltandem19) expressing the tandem siRNA by human H1 promoter, and
· vector (pHlstem19) expressing the stem-loop siRNA by human H1 promoter.

[0085] As shown in Fig. 9, various expression vectors used herein showed the luciferase suppressing activity, indi-
cating that promoters usable in the siRNA expression vector are not limited to specific promoters, and that various
promoters such as human U6 promoter, human 5S rRNA promoter, and human H1 promoter can be utilized.

[Example 9] Gene silencing effects of siRNA expression vector containing CMV promoter or tRNA promoter

[0086] Gene silencing effects of the siRNA expression vector containing cytomegalovirus-derived promoter (CMV
promoter) or tRNA promoter, and trimming ribozyme (pCMV-TRz and ptRNA-TRz, respectively) , was examined. The
transcript from tRNA promoter has a tRNA molecule added to the 5' end. The excessive RNA molecule at the 3' end
which is unnecessary for the siRNA formation is cut off by the action of the trimming ribozyme.
[0087] As shown in Fig. 10, siRNA expression vectors containing either CMV promoter or tRNA promoter both de-
creased the luciferase activity, indicating that, as a promoter in the siRNA expression vector of this invention, CMV
promoter or tRNA promoter can be preferably used, and that even the transcript of the expression vector, which binds
to a molecule such as tRNA at the 5' end, has the target gene silencing effect.

[Example 10] RNAi induction by double-stranded siRNA containing mismatch or bulge

[0088] Effects of the presence of mismatch or bulge in the double-stranded siRNA on RNAi were examined. Luci-
ferase analysis was performed under similar conditions to those in the above-described Examples. The following RNA
sequences were used in experiments.

[0089] As shown in Fig. 11, various expression vectors used herein showed the luciferase suppression activity. The
presence or absence of mismatch or bulge in the double-stranded siRNA produced no significant difference in the
gene silencing effect.
[0090] Furthermore, RNAi effects induced by various siRNAs containing a mismatch or a bulge were examined. DNA
sequences coding for one of the strands of siRNAs, and RNAi effect (luciferase activity) induced by the sequences are
shown in Fig. 32.
[0091] These results demonstrated that even siRNA containing a mismatch or a bulge in its double strand is capable
of effectively suppressing the expression of the target gene. That is, each strand constituting the double strand of
siRNA is not necessarily completely complementary to each other.
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[Example 11] RNAi induction by siRNA expression vector having a tetracycline-inducible promoter

[0092] A system (Tet-ON system) capable of controlling the transcriptional activity from RNA promoter by tetracycline
is known (Ohkawa, J. & Taira, K. Control of the functional activity of an antisense RNA by a tetracycline-responsive
derivative of the human U6 snRNA promoter. Hum Gene Ther. 11, 577-585 (2000)). The tetracycline operator sequence
of tetracycline-resistance transposon has been inserted into human U6 promoter used in this system (Fig. 12). Binding
of the tetracycline repressor protein to this sequence results in the suppression of promoter activity. Expression vectors
whose transcription is controlled by this promoter is in a state that the transcriptional activity is suppressed in cells (e.
g. HeLa cell) expressing tetracycline repressor protein. This may be because tetracycline repressor protein in cells
binds to human U6 promoter so as to suppress the transcriptional activity. When tetracycline (or tetracycline derivative)
is added to the cells, it binds to the tetracycline repressor protein to release the repressor protein from U6 promoter,
leading to the transcriptional activation.
[0093] The present inventors constructed an siRNA expression vector having human U6 promoter into which tetra-
cycline operator sequence of tetracycline resistant transposon has been inserted, and examined the gene silencing
effect of siRNA expression vector using the TetON system. Luciferase analysis was conducted under the similar con-
ditions to the above-described Examples.
[0094] As shown in Fig. 13, the siRNA expression vector containing human U6 promoter into which the tetracycline
operator sequence of tetracycline-resistant transposon has been inserted, reduced the luciferase activity upon addition
of tetracycline. On the other hand, the siRNA expression vector containing no tetracycline operator sequence reduced
the luciferase activity regardless of addition or no addition of tetracycline. These results demonstrated that, as a pro-
moter that induces siRNA expression, the above-described U6 promoter inducible by tetracycline can be preferably
used.

[Example 12] Production of siRNA by RNA self-processing

[0095] The use of pol II promoter in the siRNA expression vector results in the transcription of somewhat long RNA.
Therefore, in the case of using pol II promoter, it is necessary to cleave this RNA, for example, by self-processing to
produce antisense RNA or sense RNA. Using an RNA producing unit (Fig. 2) containing antisense code DNA or sense
code DNA, a region coding for RNA sequence to be recognized by ribozyme (recognition sequence coding region) at
their 5' and 3' ends, and, flanking outside of this recognition sequence coding region, a region coding for the 5' and 3'
end cleaving ribozyme that cleaves the recognition sequence coding region, whether the self-processing actually oc-
curs or not was examined. Figs. 14 and 15 are diagrams representing the RNA self-processing. Transcripts from the
above-described unit were subj ected to gel electrophoresis.
[0096] Results of gel electrophoresis are shown in Fig. 16. On the left side of electrophoresed bands in Fig. 16,
putative structures of RNA molecules corresponding to respective bands are schematically shown. Several bands
corresponding to RNAs of various lengths which were thought to be produced by RNA self-processing, were observed.
A 21 nt-long siRNA band was also observed. These results indicated that siRNAs can efficiently be produced due to
the RNA self-processing effect using such an RNA producing unit as shown in Fig. 2.

[Example 13] Preparation of siRNA library expression system targeting EGFP mRNA

[0097] An siRNA library expression system targeting random sites of EGFP mRNA was prepared. Outlines of the
preparation are shown in Figs. 19 through 23.

(a) Preparation of approximately 20 to 25 bp EGFP cDNA fragments

[0098] "Approximately 20 to 25 bp long random EGFP cDNA fragments having the dephosphorylated blunt ends"
that are the starting materials for the preparation of the siRNA expression library shown in Fig. 19- 1 were prepared
as described below. The outline of its preparation is shown in Fig. 24.
[0099] The EGFP coding region was amplified from pEGFP-N1 by PCR, and approximately 20 to 25 bp long random
EGFP cDNA fragments were obtained by the DNase I treatment of the amplification products. For a large-scale prep-
aration of the fragments, the fragments thus obtained was blunted with Klenow Fragment, and subcloned into the
pSwaI vector that have been constructed by modifying pUC18. This vector contains the recognition site of the restriction
enzyme BseRI in the upstream and downstream regions of the cloning site (SwaI recognition site) so as to excise DNA
insert by BseRI.
[0100] The approximately 20 to 25 bp long EGFP cDNA fragments thus subcloned were excised with BseRI. The
two nucleotide excessive cohesive ends formed after the BseRI cleavage were blunted using T4 DNA Polymerase,
and then, both ends were dephosphorylated by the CIAP treatment. The above-described procedures yielded a large
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quantity of the approximately 20 to 25 bp long random EGFP cDNA fragments having dephosphorylated blunt ends.

(b) Synthesis of DNA fragment having sense code DNA and antisense code DNA of siRNA targeting EGFP mRNA

[0101] To the both ends of the "approximately 20 to 25 bp long EGFP cDNA fragment having dephosphorylated blunt
ends" prepared in (a), the 5'-phosphorylated hairpin linker 1 was ligated (Fig. 19- 2 ). This hairpin liker contains rec-
ognition sites of type II restriction enzymes, BspMI and BsgI, so that it can be cleaved at the linkage site or its vicinities.
The strand displacement reaction was carried out by allowing Bst DNA Polymerase to react to the Nick site present in
the linkage site of the ligation product of this approximately 20 to 25 bp long cDNA fragment with the hairpin linker.
Thus, a DNA product, in which the approximately 20 to 25 bp long EGFP cDNA fragment was ligated with the hairpin
linker at 1:1 ratio was synthesized (Fig. 20- 3 ). Next, to the blunt end side (EGFP cDNA fragment side) of this product,
the 5'-end phosphorylated DNA linker 2 was ligated (Fig. 20- 4 ). AAAAA/TTTTT sequence signaling the termination
of transcription from Pol III promoter is present at the one end of this DNA linker, while the AscI recognition site is
present at the other end. Only the AAAAA/TTTTT side is 5'-phosphorylated.
[0102] This ligation product of EGFP cDNA, linker 1, and linker 2 was reacted again with Bst DNA Polymerase to
perform the strand displacement reaction from the Nick site at the linkage site (Fig. 21- 5 ). Thus, the DNA fragment,
in which DNAs coding for sense and antisense RNAs of siRNA targeting EGFP mRNA were arranged in tandem, was
synthesized. In this fragment, the recognition sites of type II restriction enzymes, BspM1 and BsgI, are present between
the sense code DNA and the antisense code DNA.

(c) Cloning of DNA fragment having DNAs coding for sense and antisense of siRNA targeting EGFP mRNA

[0103] The DNA fragment synthesized in (b) having DNAs coding for sense and antisense of siRNA targeting EGFP
mRNA was cleaved with AscI to prepare a DNA fragment having cohesive and blunt ends (Fig. 21- 6 ). For cloning
this fragment, a cloning vector containing human U6 promoter was constructed (Fig. 25). Recognition sites of restriction
enzymes BspMI, BseRI, and AscI are present downstream of this promoter. After the cleavage immediately downstream
of the promoter with BspMI, the cleavage site was blunted with Klenow, and the product was cleaved with AscI to
prepare a cloning vector having cohesive and blunt ends. This vector was ligated to the DNA fragment with blunt and
cohesive ends having DNAs coding for sense and antisense of siRNA targeting EGFP mRNA, and then cloned (An-
ti-EGFP U6 siRNA expression pre-library) (Fig. 22- 7 ).
[0104] A cloning vector containing human tRNA-val promoter was also constructed (Fig. 25). Recognition sites of
restriction enzymes BspMI, BseRI, and AscI are similarly present downstream of human tRNA-val promoter. This clon-
ing vector can also be prepared by cleavage with BseRI instead of BspMI. This vector was cleaved immediately down-
stream of the promoter with BseRI, the cleaved site was blunted with T4 DNA polymerase, then the product was cleaved
with AscI and similarly cloned (Anti-EGFP tRNA siRNA pre-library).
[0105] The siRNA expression pre-library plasmid DNA was cleaved at BspMI site between the siRNA sense and
antisense code DNAs (Fig. 22- 8 ). The cleavage fragment was blunted with Klenow and self-ligated to construct the
Anti-EGFP siRNA expression library in which promoter, antisense DNA, sense DNA and TTTTT were linked in tandem
(Fig. 22- 9 ). Sequence analysis confirmed that a desired product was produced. Examples of the sequence of DNAs
coding for siRNA in the Anti-EGFP U6 siRNA expression library are shown in Table 1.
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[0106] In Table 1, the orientation of the antisense code and sense code might be the reverse of that in EGFP mRNA
in some cases, but this does not affect RNAi induction.
[0107] An siRNA expression library having a Loop sequence of siRNA, TTCG, between antisense and sense DNAs
was constructed by cleaving the pre-library plasmid DNA first with BsgI and then with BspMI (Fig. 23- 8 -2), blunting
the cleavage site with T4 DNA polymerase, and then performing self-ligation. It is possible to freely alter the loop
sequence between antisense and sense code DNAs and add fragments of promoters, selection markers, etc., by
altering the sequence of hairpin linker 1, and the type and site of restriction enzymes.

[Example 14] Evaluation of siRNA library expression system targeting EGFP mRNA

[0108] The above-described Anti-EGFP U6 siRNA expression library (1 µg), and pEGFP-N1 (0.01 µg) were co-
transfected into human HeLa S3 cells by the lipofection method (Lipofectamine 2000). The cells were allowed to stand
at 37°C for 48 h and then observed under a confocal microscope. As a control experiment, similar operations were
conducted using pUC18 (1 µg) in place of the siRNA library expression system.
[0109] As shown in Fig. 26, cells emitting green fluorescence due to pEGFP-N1 decreased in number in the group
transduced with the Anti-EGFP U6 siRNA library expression system compared to the control group (pUC18-introduced
group). Moreover, results of FACS analysis revealed the decrease in the cellular fluorescence intensity (Fig. 27). These
results indicated that the introduction of the anti-EGFP U6 siRNA library expression system into cells induced RNAi
so as to silence the target gene.
[0110] Thus, clones capable of inducing RNAi and silencing the target gene would be present in the anti-EGFP U6
siRNA library expression system.
[0111] Similar results were obtained in the Anti-EGFP tRNA siRNA library expression system (Figs. 26 and 27).

[Example 15] Gene silencing effects of siRNA expression adenovirus vector and HIV vector

[0112] As a marker gene for evaluation, a luciferase gene (pGL3-Control: Promega) was used. siRNA was expressed
in tandem using human U6 promoter. The target sequence was site B strand: 5'-GTGCGCTGCTGGTGCCAAC-3' (SEQ
ID NO: 43). An adenovirus vector was prepared according to the method of Mizuguchi et al. (Nippon Rinsho, 58,
1544-1553 (2000)).

1) Incorporation of RNAi expression cassette into shuttle plasmid

[0113] Although there were three HincII sites in the sequence of PShuttle available from Clontech, it was confirmed,
as a result of sequencing, that only one HincII site was present between I-CeuI and PI-SceI sites.
[0114] After the expression plasmid (pU6i-FGLB) was cleaved with HindIII, the ends were blunted by the Klenow
treatment, and then cleaved with EcoRI. The expression cassette thus prepared (approximately 600 bp) was incorpo-
rated into the shuttle vector (pShuttle), which had been treated with EcoRI and HincII, to construct pU6i-FGLB/Shuttle.

2) Incorporation of expression cassette from pShuttle into Ad vector plasmid, and preparation of Ad vector

[0115] The RNAi expression cassette was incorporated into Ad vector plasmid (pAdHM15-RGD) having RGD fiber
according to the method of Mizuguchi et al. to construct pU6-FGLB/RGD.
[0116] As a control, after pAdHM15-RGD and pU6-FGLB/RGD with no insert were digested with PacI, lipofection
was performed using TransIT293 (TaKaRa). From cells in which CPE was observed, Ad vector was prepared according
to the method of Mizuguchi et al.
[0117] Ad vector prepared by the cesium chloride ultracentrifugation method was purified by dialysis against PBS(-)
containing 1% BSA overnight. Titer of the purified Ad vector was measured using an Adeno-X Rapid Titer Kit (Clontech).
Measured titers of respective Ad vectors were as follows:

3) Preparation of HeLa-S3 cell

[0118] HeLa-S3 cells were prepared to a density of 5 x 105 cells/ml, and seeded 1 ml/well each in a 6-well plate.

RGD/Ad (control) 6.76310^10 ifu/
ml

U6-FGLB/Ad 5.27310^10 ifu/
ml
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Then, each Ad vector was added to each well at a Moi of 1, 10, 20, 50, and 100. Twenty-four hours later, the medium
(1.5 ml) was added prior to lipofection.

4) Lipofection of luciferase plasmid

[0119] Twenty-four hours after the transduction of Ad, the cells were lipofected with the luciferase expression plasmid
in the following composition per well.
[0120] pGL3-Control (0.02 µg), pRL-Tk (0.1 µg), and pUC19 (1.0 µg) were added to Opti-MEM (250 µl) placed in
Tube A. LipofectAmine 2000 (5 µl; Invitrogen) was added to Opti-MEM (250 µl) placed in Tube B, and the mixture was
allowed to stand at room temperature for 5 min. The whole quantity of Tube B was added to Tube A, and the mixture
was thoroughly mixed. After the resulting mixture was allowed to stand at room temperature for 20 min, the whole
quantity was added to each well, and incubated at 37°C for 48 h.

5) Luciferase assay

[0121] Luciferase assay was carried out using a Dual-Luciferase Reporter Assay System (Promega).
[0122] After culturing for 48 h following the lipofection, each well in the plate was washed once with PBS (-) (500 µl).
After the removal of PBS(-), 1 x PLB (500 µl) was added to each well, and the plate was occasionally shaken at room
temperature for 15 min so as to lyse the cells. Cell lysate was transferred into a 1.5-ml tube, centrifuged at 14000 rpm
for 1 min, and the supernatant was transferred into a fresh 1.5-ml tube (PLB lysate).
[0123] Luciferase activity was measured using an AutoLumatPLUS LB953 (Berthold). Using PLB lysate (10 µl), lu-
minescence of FireFly Luciferase and Renilla Luciferase was measured for 10 s. Relative luciferase silencing effects
of the respective RNAi expression Ads were expressed based on the RLU values of FireFly Luciferase/Renilla Luci-
ferase, taking the value of cells transduced with the control RGD/Ad as 100% (Fig. 29).
[0124] Similarly, luciferase suppressing effects of RNAi by expression HIV vectors were observed as shown in Fig. 30.
[0125] siRNA expression HIV vectors were prepared in the substantially same manner as for the siRNA expression
Adenovirus vector by inserting the siRNA expression cassette targeting FireFly luciferase into an HIV shuttle vector.
In this assay, the target sequence was siteB strand: 5'-GTGCGCTGCTGGTGCCAAC-3' (SEQ ID NO: 43) , U6 promoter
was used, and, RNAs to be expressed have the stem-loop including 5'-GUGCGCUGCUGGUGCCAACCCgugugcuguc-
cGGGUUGGCACCAGCAGCGCAC (SEQ ID NO: 22), 5'-GUGCGCUGuUGGUGuCAACCCgugugcuguccGGGUUG-
GCACCAGCAGCGCAC-3' (SEQ ID NO: 23), and 5'-GUGCGuUGuUGGUGuuAAuCCgugugcuguccGGGUUGGCAC-
CAGCAGCGCAC-3' (SEQ ID NO: 57). After the siRNA expression shuttle plasmid was introduced into 293T cells, viral
particles were harvested by the standard method, concentrated, and transfected into 293T cells at a moi of 5 to 8.
Then, RNAi effects were examined in terms of luciferase activity similarly as in the case of the Adenovirus vectors.

[Example 16] Gene silencing effects of siRNA expression dumbbell-shaped vector

[0126] Gene silencing effects of siRNA expression dumbbell-shaped vectors were examined. The following siRNA
expression vectors were used, and luciferase analysis was performed under similar conditions as in the above-de-
scribed Examples.

· vector expressing stem-loop siRNA using human U6 promoter (pU6stem), and
· dumbbell-shaped vector expressing siRNA (Dumbbell)

[0127] As shown in Fig. 31, the luciferase silencing effect was observed in the siRNA expression dumbbell-shaped
vector, demonstrating that the siRNA expression system maintained in the dumbbell-shaped vector exhibited an effi-
cient gene silencing effect.

Industrial Applicability

[0128] As described above, the use of the intracellular siRNA expression system enabled to silence the functional
gene expression. Furthermore, as a result of introducing a single vector that has been transformed to maintain siRNA
expression systems for a plurality of target genes into cell, the expression of multiple target genes could also be si-
lenced. By using such an intracellular siRNA expression system, siRNA is supplied within the cell so as to enable the
stable and long-term siRNA expression, that is, target gene silencing as well. In addition, by using viral vectors or the
like, transfer efficiency of siRNA expression system into cells can be improved so as to allow the RNAi induction in
mammalian cells without fail. Therefore, the present system is able to contribute to the gene therapy and production
of knock-down animals depending on RNAi.
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[0129] Furthermore, in order to allow the present system to be applied to a method of searching for functional genes,
the siRNA library expression system and its assembly have been provided. The use of these systems and the like can
make the searching for functional genes so simple and efficient that the present systems including siRNA library ex-
pression system can contribute to the accelerated elucidation of functional genes.
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Claims

1. An intracellular siRNA expression system comprising an antisense code DNA coding for antisense RNA directed
against a region of a target gene mRNA, a sense code DNA coding for sense RNA directed against the same
region of said target gene mRNA, and one or more promoters capable of expressing said antisense and sense
RNAs from said antisense and sense code DNAs, respectively.

2. The siRNA expression system according to claim 1, wherein a final transcription product of the siRNA expressed
by the system is 15 to 49 bp long.

3. The siRNA expression system according to claim 1, wherein a final transcription product of the siRNA expressed
by the system is 15 to 35 bp long.

4. The siRNA expression system according to claim 1, wherein a final transcription product of the siRNA expressed
by the system is 15 to 30 bp long.

5. The siRNA expression system according to claim 1, wherein a double-stranded RNA region of the siRNA in which
two RNA strands pair up contains a mismatch or a bulge.

6. The siRNA expression system according to claim 5, wherein one of nucleotides in the mismatch is guanine, and
the other is uracil.

7. The siRNA expression system according to claim 5, wherein the siRNA contains 1 to 7 mismatches.

8. The siRNA expression system according to claim 5, wherein the siRNA contains 1 to 7 bulges.
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9. The siRNA expression system according to claim 5, wherein the siRNA contains both 1 to 7 mismatches and bulges.

10. The siRNA expression system according to any one of claims 1 to 9, wherein said promoter is a pol II or pol III
promoter.

11. The siRNA expression system according to any one of claims 1 to 10, wherein said pol III promoter is U6 promoter.

12. The siRNA expression system according to any one of claims 1 to 11, wherein said promoter is an inducible pro-
moter.

13. The siRNA expression system according to any one of claims 1 to 12, wherein said promoter is separately located
upstream of said antisense and sense code DNAs.

14. The siRNA expression system according to any one of claims 1 to 13, wherein said system comprises loxP se-
quences in the form of any one of the following (a) to (c) so that the expression can be controlled:

(a) the promoter comprises distal sequence element (DSE) and proximal sequence element (PSE) with a
space therebetween, and in the space two loxP sequences, one in the vicinity of DSE and the other in the
vicinity of PSE;
(b) the promoter comprises DSE and PSE that are located to maintain the promoter activity, a loxP sequence
therebetween, and another loxP sequence either upstream of DSE or downstream of PSE; and
(c) two loxP sequences are located so as to interpose the antisense code DNA or sense code DNA.

15. The siRNA expression system according to any one of claims 1 to 14, wherein antisense and sense code DNAs
are maintained in the same vector DNA molecule, or separately in different vector DNA molecules.

16. The siRNA expression system according to any one of claims 1 to 13, wherein the promoter is located at the one
side of a unit in which the antisense and sense code DNAs are connected in the opposite direction via a linker.

17. The siRNA expression system according to claim 16, wherein said system comprises loxP sequences in the form
of any one of the following (a) to (d) so that the expression can be controlled:

(a) the promoter comprises DSE and PSE with a space therebetween, and in the space two loxP sequences,
one in the vicinity of DSE and the other is the vicinity of PSE;
(b) the promoter comprises DSE and PSE that are located to maintain the promoter activity, a loxP sequence
therebetween, and another loxP upstream of DSE or downstream of PSE;
(c) two loxPs are located so as to interpose the antisense code DNA or sense code DNA; and
(d) two loxPs are arranged so as to interpose a linker comprising a stop sequence (e.g. TTTTT).

18. The siRNA expression system according to claim 16 or 17, wherein the antisense and sense code DNAs are
maintained in a vector molecule.

19. The siRNA expression system according to claim 15 or 18, wherein said vector is a plasmid vector.

20. The siRNA expression system according to claim 15 or 18, wherein said vector is a viral vector.

21. The siRNA expression system according to claim 15 or 18, wherein said vector is a dumbbell-shaped DNA vector.

22. A cell maintaining the siRNA expression system according to any one of claims 1 to 21.

23. The cell according to claim 22, wherein said cell is a mammalian cell.

24. An individual organism maintaining the siRNA expression system according to any one of claims 1 to 21.

25. A composition comprising the siRNA expression system according to any one of claims 1 to 21.

26. The composition according to claim 25, wherein said composition is a pharmaceutical composition.
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27. A method for producing a cell in which the target gene expression is silenced, wherein said method comprises the
steps of: introducing the siRNA expression system according to any one of claims 1 to 21 into cells, and selecting
cells in which said siRNA expression system is introduced.

28. An intracellular siRNA library expression system comprising a double-stranded DNA coding for siRNA comprising
an arbitrary sequence having the length of the siRNA to be expressed, and two promoters facing to each other
with said DNA coding for siRNA- in between which are capable of expressing the mutually complementary RNAs
from respective strands of said double-stranded DNA.

29. An intracellular siRNA library expression system comprising a stem-loop siRNA producing unit in which an anti-
sense code DNA and a sense code DNA complementary to said antisense code DNA are linked in the opposite
direction via a linker, and a promoter capable of expressing the stem-loop siRNA at either side of said unit.

30. The siRNA library expression system according to claim 28 or 29, wherein a final transcription product of the siRNA
expressed by the system is 15 to 49 bp long.

31. The siRNA library expression system according to claim 28 or 29, wherein a final transcription product of the siRNA
expressed by the system is 15 to 35 bp long.

32. The siRNA library expression system according to claim 28 or 29, wherein a final transcription product of the siRNA
expressed by the system is 15 to 30 bp long.

33. The siRNA library expression system according to any one of claims 28 to 32, wherein a double-stranded RNA
region of the siRNAs in which two RNA strands pair up contains a mismatch or a bulge.

34. The siRNA library expression system according to any one of claims 28 to 33, wherein said promoter is a pol II or
pol III promoter.

35. The siRNA library expression system according to any one of claims 28 to 33, wherein said promoter is an inducible
promoter.

36. The siRNA library expression system according to any one of claims 28 to 33, wherein siRNAs expressed by the
system are composed of random RNA strands.

37. The siRNA library expression system according to any one of claims 28 to 33, wherein said system is an assembly
of multiple siRNA expression vectors that each targets a gene sequence comprising a coding region and/or a non-
coding region.

38. The siRNA library expression system according to any one of claims 28 to 33, wherein siRNAs expressed by the
system are composed of RNA strands encoded by DNA fragments of any cDNA or genomic DNA, said fragment
has the length of the siRNA to be expressed.

39. An assembly of the siRNA library expression systems according to any one of claims 28 to 38, wherein different
siRNAs are expressed by each system in said assembly.

40. A method of searching for a functional.gene, the method comprising the steps of:

(a) introducing the siRNA library expression system according to any one of claims 28 to 38 or the assembly
of siRNA library expression systems according to claim 39 into cells;
(b) selecting cells into which said siRNA library expression system or said assembly has been introduced; and
(c) analyzing the phenotype of the cells thus selected.

41. The method of searching for a functional gene according to claim 40, wherein said method further comprising a
step of screening for a functional gene based on the sequence of DNA coding for siRNA in the cell whose phenotype
has been found altered as the result of the phenotype analysis.

42. A method for selecting a highly active siRNA, the method comprising the steps of:
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(a) introducing the siRNA library expression system according to any one of claims 28 to 38, or the assembly
of siRNA library expression systems according to claim 39 into cells, and
(b) measuring the expression level of a specific gene or protein in the cells into which said siRNA library
expression system or said assembly is introduced.
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